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(57) ABSTRACT 
A semiconductor device is at least partially formed in a semi 
conductor Substrate, the Substrate including first and second 
opposing main Surfaces. The semiconductor device includes 
a cell field portion and a contact area, the contact area being 
electrically coupled to the cell field portion, the cell field 
portion including at least a transistor. The contact area 
includes a connection Substrate portion insulated from other 
Substrate portions and including a part of the semiconductor 
Substrate, an electrode adjacent to the second main Surface 
and in contact with the connection Substrate portion, and a 
metal layer disposed over the first main Surface, the connec 
tion Substrate portion being electrically coupled to the metal 
layer to form an ohmic contact between the electrode and 
metal layer. The connection Substrate portion is not electri 
cally coupled to a component of the cell field portion by a 
conductive material disposed between the first and second 
main Surfaces. 

16 Claims, 12 Drawing Sheets 
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1. 

SEMCONDUCTOR DEVICE AND METHOD 
FOR MANUFACTURINGA 
SEMCONDUCTOR DEVICE 

TECHNICAL FIELD 

The present disclosure relates to a semiconductor device 
and to a method for manufacturing Such a semiconductor 
device. 

BACKGROUND 

Power MOSFETs (Metal Oxide Semiconductor Field 
Effect Transistor) are examples of high breakdown voltage 
semiconductor devices which are used for Switching power 
sources, inverter devices or the like. For example, power 
MOSFETs are considered to switch high voltages at low 
ohmic load so as to have a very Small Switching and conduc 
tion loss. Vertical field-effect transistors (FET) in source 
down structure are vertical FETs, in which drain and gate 
terminals are located on one side (top side) of a semiconduc 
tor substrate, while the source terminal is located on the other 
side (back side) of the semiconductor substrate. These FETs 
are useful in applications in which the Source terminal of a 
semiconductor device is at a reference potential and in appli 
cations which require a good cooling. One possible applica 
tion area for these semiconductor devices is in the automotive 
industry. Due to the Source-down structure, energy may be 
efficiently dissipated which results in a further shrink of Ron. 
In these devices, it is desirable to lead potentials, which are 
different from the source potential, to the top side of the 
substrate. 

Accordingly, it is desirable to develop new concepts of a 
semiconductor device. Further, it is desirable develop a new 
method for manufacturing Such a semiconductor device. 

SUMMARY 

According to an embodiment, a semiconductor device is at 
least partially formed in a semiconductor Substrate, the semi 
conductor Substrate comprising a first and a second main 
Surface, the first and the second main Surfaces being opposed 
to each other. The semiconductor device comprises a cell field 
portion and a contact area, the contact area being electrically 
coupled to the cell field portion, the cell field portion com 
prising at least a transistor. The contact area includes a con 
nection Substrate portion insulated from other Substrate por 
tions and comprising a part of the semiconductor Substrate, 
the connection Substrate portion not being electrically 
coupled to a component of the cell field portion by a conduc 
tive material disposed between the first and the second main 
Surface, an electrode adjacent to the second main Surface and 
in contact with the connection Substrate portion, a metal layer 
disposed over the first main Surface, the connection Substrate 
portion being electrically coupled to the metal layer to form a 
contact between the electrode and the metal layer. 

According to a further embodiment, a semiconductor 
device is at least partially formed in a semiconductor Sub 
strate, the semiconductor Substrate comprising a first and a 
second main Surface, the first and the second main Surfaces 
being opposed to each other. The semiconductor device com 
prises a cell field portion and a contact area, the contact area 
being electrically coupled to the cell field portion, the cell 
field portion comprising at least a transistor, the contact area 
comprising a connection Substrate portion insulated from 
other Substrate portions and comprising a part of the semi 
conductor Substrate. The contact area further comprises an 
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2 
electrode adjacent to the second main Surface and in contact 
with the connection Substrate portion, a metal layer disposed 
over the first main Surface, the connection Substrate portion 
being electrically coupled to the metal layer to form a contact 
between the electrode and the metal layer, an insulating layer 
disposed between the first main surface and the metal layer, 
and a trench formed in the first main Surface, the trench being 
filled with a conductive material, the connection substrate 
portion being electrically coupled to the metal layer via the 
trench. 

According to an embodiment, a method of manufacturing 
a semiconductor device at least partially in a semiconductor 
Substrate, the semiconductor Substrate comprising a first and 
a second main Surface, the first and the second main Surfaces 
being opposed to each other, comprises forming a cell field 
portion and a contact area, the contact area being electrically 
coupled to the cell field portion. Forming the cell field portion 
comprises at least forming a transistor. The method further 
comprises insulating a part of the semiconductor Substrate 
from other Substrate portions to form a connection Substrate 
portion, forming an electrode adjacent to the second main 
Surface so as to be in contact with the connection Substrate 
portion, forming an insulating layer over the first main Sur 
face, forming a metal layer over the insulating layer, forming 
a trench in the first main surface, and filling the trench with a 
conductive material, and electrically coupling the connection 
substrate portion to the metal layer via the trench. 
Those skilled in the art will recognize additional features 

and advantages upon reading the following detailed descrip 
tion, and upon viewing the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of embodiments of the invention and 
are incorporated in and constitute a part of this specification. 
The drawings illustrate the embodiments of the present inven 
tion and together with the description serve to explain the 
principles. Other embodiments of the invention and many of 
the intended advantages will be readily appreciated, as they 
become better understood by reference to the following 
detailed description. The elements of the drawings are not 
necessarily to scale relative to each other. Like reference 
numbers designate corresponding similar parts. 

FIG. 1 schematically illustrates a general example of a 
layout of a semiconductor device; 

FIG. 2A shows a plan view of a portion of a semiconductor 
device; 

FIG. 2B shows a cross-sectional view of a portion of a 
semiconductor device; 

FIGS. 3A to 3D illustrate steps of manufacturing a portion 
of a semiconductor device according to an embodiment; 

FIG. 4 illustrates further steps when manufacturing a semi 
conductor device according to a further embodiment; 

FIG. 5A illustrates a plan view of a portion of a semicon 
ductor device according to a further embodiment; 

FIG. 5B illustrates a cross-sectional view of the semicon 
ductor device shown in FIG. 5A; 

FIG. 5C illustrates a cross-sectional view of the semicon 
ductor device shown in FIG. 5A; and 

FIG. 6 schematically illustrates a method of manufacturing 
a semiconductor device. 

DETAILED DESCRIPTION 

In the following detailed description reference is made to 
the accompanying drawings, which form a part hereof and in 
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which are illustrated by way of illustration specific embodi 
ments in which the invention may be practiced. In this regard, 
directional terminology such as “top”, “bottom', 'front”. 
“back”, “leading”, “trailing” etc. is used with reference to the 
orientation of the Figures being described. Since components 
of embodiments of the invention can be positioned in a num 
ber of different orientations, the directional terminology is 
used for purposes of illustration and is in no way limiting. It 
is to be understood that other embodiments may be utilized 
and structural or logical changes may be made without 
departing from the scope defined by the claims. 
The description of the embodiments is not limiting. In 

particular, elements of the embodiments described hereinaf 
ter may be combined with elements of different embodi 
mentS. 

The terms "wafer', 'substrate' or “semiconductor sub 
strate' used in the following description may include any 
semiconductor-based structure that has a semiconductor Sur 
face. Wafer and structure are to be understood to include 
silicon, silicon-on-insulator (SOI), silicon-on Sapphire 
(SOS), doped and undoped semiconductors, epitaxial layers 
of silicon Supported by a base semiconductor foundation, and 
other semiconductor structures. The semiconductor need not 
be silicon-based. The semiconductor could as well be silicon 
germanium, germanium, or gallium arsenide. According to 
embodiments of the present application, generally, silicon 
carbide (SiC) or gallium nitride (GaN) is a further example of 
the semiconductor Substrate material. 
As employed in this specification, the terms “coupled 

and/or “electrically coupled are not meant to mean that the 
elements must be directly coupled together intervening ele 
ments may be provided between the “coupled” or "electri 
cally coupled elements. The term “electrically connected 
intends to describe a low-ohmic electric connection between 
the elements electrically connected together. 
As used herein, the terms “having”, “containing”, “includ 

ing”, “comprising and the like are open ended terms that 
indicate the presence of stated elements or features, but do not 
preclude additional elements or features. The articles “a”, 
“an and “the are intended to include the plural as well as the 
singular, unless the context clearly indicates otherwise. 
The Figures and the description illustrate relative doping 

concentrations by indicating '-' or '+' next to the doping 
type “n” or “p'. For example, “n” means a doping concentra 
tion which is lower than the doping concentration of an “n”- 
doping region while an "n--'-doping region has a higher dop 
ing concentration than an 'n'-doping region. Doping regions 
of the same relative doping concentration do not necessarily 
have the same absolute doping concentration. For example, 
two different “n'-doping regions may have the same or dif 
ferent absolute doping concentrations. In the Figures and the 
description, for the sake of a better comprehension, often the 
doped portions are designated as being “p' or 'n'-doped. As 
is clearly to be understood, this designation is by no means 
intended to be limiting. The doping type can be arbitrary as 
long as the described functionality is achieved. Further, in all 
embodiments, the doping types can be reversed. 
The terms “lateral and “horizontal as used in this speci 

fication intend to describe an orientation parallel to a first 
Surface of a semiconductor Substrate or semiconductor body. 
This can be for instance the surface of a wafer or a die. 
The term “vertical as used in this specification intends to 

describe an orientation which is arranged perpendicular to the 
first Surface of the semiconductor Substrate or semiconductor 
body. 

FIG. 1 shows a plan view of a portion of a semiconductor 
device 100 comprising a cell field portion 110 including a 
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4 
plurality of vertical field effect transistors, and a contact area 
120 which encloses the cell field portion 110. As is clearly to 
be understood, the illustrated shape of the contact area 120 
and the cell field portion 110 are only by way of example. For 
example, the contact area 120 may be segmented and may 
have any arbitrary shape. As is indicated within the illustrated 
rectangle 'A', there are contacts 162 between the cell field 
portion 110 and the contact area 120. For example, the con 
tacts 162 may be implemented as trenches or may be disposed 
above the semiconductor substrate. 

FIG. 2A shows a plan view of the rectangle 'A' illustrated 
in FIG.1. The Semiconductor device 100 illustrated in FIG. 
2A comprises a portion of the cell field portion 110 and a 
portion of the contact area 120. A source metal layer 170 is 
disposed over the cell field portion 110, and a so-called gate 
runner metal plate 160 is disposed over the contact area 120. 
The gate runner 160 usually is a metal plate disposed in 
contact with contact structures connected with gate elec 
trodes in the cell field portion 110. The gate runner 160 is used 
for quickly applying a gate Voltage to all of the gate electrodes 
of the cell field portion 110. Isolation trenches 121 are dis 
posed in the contact area 120 and extend in a first direction. 
Further, substrate contact trenches 122 are disposed in the 
contact area 120 and also extend in the first direction. One 
substrate contact trench 122 is disposed between two isola 
tion trenches 121. Gate contact trenches 151 also extend in 
the first direction. The gate contact trenches 151 are con 
nected with cell field trenches 173 disposed in the cell field 
area 110 by means of contact trenches 162. The contact 
trenches 162 extend in a second direction that is perpendicu 
lar with respect to the first direction. Moreover, the cell field 
trenches 173 also extend in the second direction. 
FIG.2B shows across-sectional view of the semiconductor 

device illustrated in FIG. 2A. The cross-sectional view of 
FIG. 2B is taken between I and I" and between II and III as 
illustrated in FIG. 2A. As is shown, the semiconductor device 
shown in FIG. 2B is at least partially formed a semiconductor 
substrate 10, the semiconductor substrate 10 comprising a 
first and a second main Surface 12, 11, the first and the second 
main Surfaces 12, 11 being opposed to each other. The contact 
area 120 comprises a connection substrate portion 13 that is 
insulated from other substrate portions. The connection sub 
strate portion 13 comprises a part of the semiconductor Sub 
strate 10. The connection substrate portion 13 is not electri 
cally coupled to a component disposed in the cell field portion 
110 by means of a conductive or semiconductor material that 
is disposed between the first and the second surfaces 12. As 
will be explained hereinafter, any contact to any component 
disposed in the cell field portion 110 is accomplished by a 
connection outside the semiconductor Substrate 10, e.g. by a 
conductive layer that is formed over the first or second surface 
12, 11 of the semiconductor substrate 10. An electrode 186 is 
disposed adjacent to the second main Surface 11 of the con 
nection substrate portion 13. The term “electrode” refers to 
any conductive element that enables an electrical contact to 
components which do not form part of the semiconductor 
device. For example, the “electrode' may be a portion of a 
conductive layer or may be a contact pad. The electrode 186 
is in contact with the connection substrate portion 13. A metal 
layer (gate runner) 160 is disposed over the first main surface 
12. The connection substrate portion 13 is electrically 
coupled to the metal layer 160. The connection substrate 
portion 13 may form an ohmic contact between the electrode 
186 and the metal layer 160. 
The metal layer 160 may comprise any metal, metal com 

pound or metal alloy. The metal layer 160 comprises a metal 
lic element. According to an embodiment, the metal layer 160 
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does not comprise polysilicon or other silicon-based materi 
als. According to a further embodiment, the metal layer 160 
does comprise polysilicon or other silicon-based materials. In 
the context of the present disclosure, the term “ohmic con 
tact” between the electrode 186 and the metal layer 160 refers 
to a contact having an approximately constant ratio of Volt 
age/current that does not depend from the polarity of the 
applied Voltage. For example, the resistance of the connection 
Substrate portion does not depend on the applied Voltage. 
Further the resistance of the connection substrate portion 13 
is not controlled, for example by applying a control Voltage. 
According to an embodiment, any kind of control element for 
controlling the resistance of the connection Substrate portion 
13 is absent within the connection substrate portion 13. The 
term 'ohmic contact also encompasses contacts having a 
voltage/current characteristic which is not strictly linear but 
includes minor non-linearities. For example, the connection 
substrate portion 13 forms a low-ohmic interconnection, hav 
ing a resistance of less than 1 Ohm. The connection Substrate 
portion 13 comprises a part of the semiconductor Substrate 
10. Accordingly, the connection substrate portion 13 has a 
similar composition and may have the same crystalline struc 
ture as the semiconductor substrate 10. For example, the 
connection Substrate portion 13 may comprise monocrystal 
line silicon. For example, the connection substrate portion 13 
may be further doped and, consequently have a higher doping 
concentration or may be doped with materials different from 
the doping materials of further Substrate portions. 
An insulating layer 165 may be disposed between the first 

main surface 12 and the metal layer 160. The semiconductor 
device 100 may further comprise a conductive element 141, 
142 which electrically couples the connection substrate por 
tion 13 to the metal layer 160. 
As is illustrated in the right-hand portion of FIG. 2B 

between II and II", the semiconductor device further com 
prises a transistor 14 arranged in the cell field portion 110. 
The transistor 14 comprises a source region 181, a drain 
region 182, a gate electrode 183 and a drift region 15. The 
source region 181 is connected to a source electrode 170 by 
means of a source contact 171. The drain region 182 is con 
nected to a drain electrode 185. The source region 181 may be 
disposed adjacent to the first main Surface 12, and the drain 
portion 182 may be disposed adjacent to the second main 
surface 11. The gate electrode 183 is disposed in a trench 
formed in the first main surface 12 of the substrate 10. The 
gate electrode 183 is insulated from the adjacent semiconduc 
tor material by means of a gate dielectric layer 172. A field 
electrode 184 may be disposed within the gate trench. The 
field electrode 184 may be electrically coupled to the gate 
electrode 173 or may be insulated therefrom. When a suitable 
voltage is applied to the gate electrode 183, a conductive 
channel is formed in the body region 16 adjacent to the gate 
electrode 183, resulting in a current flow from the source 
portion 181 to the drain region 182 via the conductive channel 
and the drift region 15. 
As is illustrated in FIGS. 2A and 2B, the gate electrode 183 

forms part of a conductive material arranged in a cell field 
trench 173 extending in the second direction. The conductive 
material is connected via the contacts 161 to the conductive 
material 152 that is disposed within the gate contact trenches 
151 in a cross-section that is behind the depicted cross-sec 
tion. The conductive material in the gate contact trenches 151 
is connected to the gate runner 160 via contacts 161. The gate 
runner 160 is connected via the contacts 141 to the conductive 
material 142 within the substrate contact trenches 122 to the 
connection substrate portion 13. 
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The connection substrate portion 13 is usually heavily 

doped and thus has a high conductivity. Since the connection 
substrate portion 13 is insulated from the remaining substrate 
portions, only the connection Substrate portion 13 is con 
nected with the gate potential. 

In the embodiment shown in FIG. 2B, the connection sub 
strate portion 13 is insulated from the remaining substrate 
portions 10 by means of the isolation trenches 121. The iso 
lation trenches 121 extend from the first to the second main 
surface 12, 11 and may be filled with a conductive material 
132 insulated from the adjacent substrate portion by means of 
an insulating layer 133. In the embodiment illustrated in FIG. 
2B, the conductive material 132 is connected via contacts 131 
to the gate runner 160. Further, at the second main surface 11 
of the substrate 10, the conductive material 132 is connected 
with the electrode 186. In the embodiment shown in FIG. 2B, 
the connection substrate portion 13 and the conductive mate 
rial 132 of the isolation trenches 121 are electrically coupled 
to the electrode 186 that is held at gate potential. Accordingly, 
also the conductive material 132 in the isolation trenches is 
held at gate potential. 

Nevertheless, according to further embodiments, the con 
ductive material 132 in the isolation trenches 121 may also be 
held at a different potential, for example, source potential. 

In FIG. 2B, the source metallization 170 and the gate 
metallization (gate runner) 160 are disposed adjacent to the 
first main surface 12 of the substrate 10. Further, the drain 
metallization 185 and a further gate metallization 186 are 
disposed on the second main Surface 11 of the semiconductor 
substrate 10. The gate electrode 183 in the cell field portion 
110 is connected via the cell field contact trenches 161 to the 
gate runner 160, and further via the substrate contact trench 
122 and the connection substrate portion 13 to the gate met 
allization 186. 
As is shown, the semiconductor device illustrated in FIG. 

2B accomplishes an electrical contact from the first main 
surface 12 to the second main surface 11 by means of a 
connection substrate portion 13 which is insulated from the 
other Substrate portions. The contact across the semiconduc 
tor substrate 10 is connected on both sides with a metal layer, 
whereby an electrical resistance is reduced. For example, the 
isolation trenches 121 may be filled with a conductive mate 
rial 132, whereby an increased mechanical stability is 
achieved. As will be explained in the following, for forming 
the several trenches of the semiconductor device, standard 
processes are employed so that the manufacturing method 
may be implemented using normal processing steps which 
are performed for forming a semiconductor device. 

According to another embodiment, the semiconductor 
device is at least partially formed in a semiconductor Sub 
strate. The semiconductor Substrate comprises a first and a 
second main Surface. The first and the second main Surface 
are opposed to each other. The semiconductor device com 
prises a cell field portion and a contact area. The contact area 
is electrically coupled to the cell field portion, and the cell 
field portion comprises at least a transistor. The contact area 
comprises a connection Substrate portion, being insulated 
from other substrate portions, the connection Substrate por 
tion comprising a part of the semiconductor Substrate, an 
electrode being adjacent to the second main Surface and being 
in contact with the connection Substrate portion, and a metal 
layer disposed over the first main Surface, the connection 
substrate portion being electrically coupled to the metal layer 
to form a contact between the electrode and the metal layer, an 
insulating layer disposed between the first main Surface and 
the metal layer, and a trench formed in the first main Surface, 
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the trench being filled with a conductive material, the con 
nection Substrate portion being electrically coupled to the 
metal layer via the trench. 

FIGS. 3A to 3D illustrate a method for manufacturing 
components of the semiconductor device. The cross-sectional 
view of FIG. 2B is taken between I and I" and between II and 
III as illustrated in FIG. 2A. Trenches 300 are etched in the 
first main surface 12 of a semiconductor substrate 10. The 
trenches 300 will act as isolation trenches of the completed 
semiconductor device. The trenches 300 may be etched to a 
depth t of 50 um and may have a width w of 3 um. As is to be 
clearly understood, different dimensions of the trenches 300 
may be employed, depending on the processing and device 
requirements. Thereafter, an insulating layer 133 is formed 
over the surface of the substrate 10. For example, the insulat 
ing layer 133 may be a silicon oxide layer which is formed by 
thermal oxidation deposited by a LPCVD method, for 
example, using TEOS (tetraethyl orthosilicate) as a starting 
material. For example, the silicon oxide layer 133 may have a 
thickness of about 500 nm. Thereafter, a conductive material 
132 is filled in the trenches 300. For example, the conductive 
material 132 may be polysilicon. Thereafter, a CMP (chemi 
cal-mechanical polishing) step is performed so as to remove 
the remaining conductive material 132 from the main surface 
of the substrate 10. FIG.3A shows an example of the resulting 
Structure. 

Thereafter, an etching step is performed so as to recess the 
polysilicon filling 132 within the trenches 300. For example, 
about 500 nm of the conductive material 132 may be 
removed, the thickness of the etched silicon corresponding to 
the thickness of the horizontal insulating layer 133 over the 
substrate surface 12. Thereafter, an etching step is performed 
so as to etch the silicon oxide layer 133. 

FIG. 3B shows an example of a resulting structure. As is 
shown, the trenches 300 are disposed in the first main surface 
12 of the semiconductor substrate 10. The sidewalls of the 
trenches 300 are covered by an insulating layer 133 and the 
interior of the trenches 300 is filled with a conductive material 
132. 

Thereafter, further trenches are formed in the first main 
surface 12 of the semiconductor substrate. For example, sub 
strate contact trenches 122 are etched into the first main 
surface 12 of the semiconductor substrate 10. Further, gate 
contact trenches 151 are etched and gate trenches 173 are 
etched in the cell field portion 110. According to an embodi 
ment, the substrate contact trenches 122 are etched to a deeper 
depth than the gate trenches 173. For example, the substrate 
contact trenches 122 may be etched to reach a heavily doped 
substrate portion. Due to the contact to the heavily doped 
Substrate portion, the contact resistance can be further 
reduced. 

Then, an insulating layer 153, 172, 143 such as silicon 
oxide is deposited over the resulting Surface of the semicon 
ductor Substrate 10. Using a lithographic mask, an anisotropic 
spacer etching is accomplished so as to remove horizontal 
portions of the silicon oxide layer 143 within the substrate 
contact trench 122. As a result, the silicon oxide layer 143 
remains at the sidewalls of the trench 310, whereas no silicon 
oxide layer is present at the bottom side of the trench 122. 

Alternatively, an isotropic etching method may be 
employed so that the insulating material is also removed from 
the sidewalls of the substrate 10. Due to the use of the litho 
graphic mask, the silicon oxide layer 143 remains in the 
trenches 320, 330 and on the second surface 12 of the semi 
conductor Substrate 10. Optionally, an implantation step may 
be performed, using arsenic or phosphor ions as an implan 
tation material and an annealing step may be performed in 
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8 
order to achieve a low-ohmic contact to the connection Sub 
strate portion 13. Thereafter, a conductive material such as 
polysilicon is deposited in the trenches 122., 320, 330. 

FIG. 3C shows a cross-sectional view of the resulting struc 
ture. As is shown in FIG. 3C, conductive material 142 is 
present in the Substrate contact trench 122, conductive mate 
rial 154 is disposed in the gate connection trench 320 and 
conductive material 184 is formed in the cell field trench 330. 

Thereafter, a further CMP step is performed so as to 
remove the remaining polysilicon material from the Substrate 
Surface. Then, contacts are defined to the conductive material 
in the trenches. For example, contacts 131 are formed to the 
conductive material 132 in the isolation trenches 121. Further, 
a contact 141 is formed to the conductive material 142 in the 
substrate contact trench 122. Moreover, a contact 161 is 
formed to the conductive material in the gate contact trench 
151 as is conventional. Further, gate electrodes are formed 
within the gate trench 330 as is conventional. For example, 
this may be accomplished by etching back the conductive 
material and insulating material present within these 
trenches, depositing a further oxide layer to insulate the field 
plate 184 from the gate electrode 183 and depositing a further 
conductive material. As is shown in FIG. 3D, a conductive 
material such as polysilicon 152 is formed in the gate contact 
trench 151. Further, a gate electrode 183 is formed in the cell 
field trench 173. 

Then, metallization layers are formed and patterned so that 
a gate runner 160 is disposed to be in contact with the sub 
strate connection material 142 and the conductive material 
132 in the isolation trenches 121. Further, the gate runner 160 
is connected with the gate contact trench 151. Moreover, a 
source electrode 170 is formed so as to be in contact with the 
source region 181 of the transistors by means of the source 
contact 171. Further insulating layers such as an imide layer 
187 may be formed so as to insulate the source metal layer 
170 and the gate runner 160 from each other. Further, a power 
Cu layer 188 may be formed so as to be in contact with the 
source metal 170 in order to achieve a low resistance connec 
tion. 

FIG. 3D shows an example of a cross-sectional view of the 
resulting structure. 

Thereafter, processing steps are performed on the back side 
11 of the semiconductor substrate 10. For example, the top 
surface 12 of the semiconductor substrate 10 may be sup 
ported by a Suitable carrier and a grinding step may be per 
formed so as to remove the lower portion of the substrate 
material adjacent to the second main Surface 11 and to open 
the isolation trenches 300. In a next step, a CMP polishing 
step is performed so as to cure or compensate for damages 
that may be caused by grinding. The CMP polishing step may 
also remove the silicon oxide layer at the bottom portion of 
the trenches 300. Then, metal layers may be formed on the 
second main surface 11 of the semiconductor substrate 10. 
For example, metal layers comprising AITiCu, AuSnor CuSn 
may be deposited and may be patterned photolithographi 
cally. Thereafter, passivation layers may be formed so as to 
insulate adjacent metal portions from each other. FIG. 2B 
shows an example of a resulting structure. According to a 
further embodiment, an insulating layer such as silicon oxide 
may be formed on the second main surface 11 of the semi 
conductor substrate 10 followed by forming contact holes in 
the insulating layer and one or more metal layers So as to 
accomplish an electric back side contact. 

FIG. 4 shows a further embodiment according to which all 
trenches 300,310,320,330 are etched before depositing the 
insulating layer 172 and the conductive layer 132, 154, 142 
and 184 in the respective trenches. According to this embodi 
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ment, first, an oxide layer is deposited, the oxide layer having 
a thickness of approximately 75 to 120 nm. Then a litho 
graphic step is performed so as to remove the insulating 
material from the substrate contact trench 310. According to 
the embodiment shown in FIG.4, the insulating layer may be 5 
removed from the sidewalls and the bottom of the trench 310. 
Alternatively, the insulating layer may be removed only from 
the bottom of the trench 310. Thereafter, a conductive mate 
rial is filled in all trenches 300, 310,320, 330. For example, 
the silicon layer may have a thickness of approximately 1.5 10 
um. In the following, a CMP step is performed so as to remove 
the horizontal portions of the polysilicon layer. Thereafter, 
the further steps as described with reference to FIG. 3D are 
performed. No silicon oxide layer is present on the sidewalls 
of the substrate contact trench 310. As a result, the resistance 15 
from the conductive material 142 to the connection substrate 
portion 13 is further reduced. 
FIGS.5A to 5C show a further embodiment of the present 

application according to which the conductive material 
within the isolation trenches is connected with the source 20 
electrode and, hence, the isolating trenches are held at a 
source potential. In FIG. 5A, the right-hand portion of the 
drawing showing the cell area 510 is very similar to the 
components of the right-hand portion of FIG. 2A. Neverthe 
less, on the left-hand portion of FIG. 5A, metal plates 560, 25 
575 are patterned in a manner different from the metal plate 
forming the gate runner 160 in FIG. 2A in the left-hand 
portion. To be more specific, the metal layer over the contact 
area 520 is patterned so that the conductive material 542 
(shown in FIGS. 5B and 5C) in the substrate contact trench 30 
554 is connected by means of contacts 555 with the gate 
runner 560. Moreover, there is no electrical contact between 
the conductive material 532 in the isolation trenches and the 
gate runner. The conductive material 532 in the isolation 
trenches is in contact with the source contact plate 575 that 35 
extends in the second direction. The source contact plate 575 
is coupled to the source metal 570 present in the cell field 
portion 510. The conductive material 565 that is in contact 
with the gate runner 560 contacts the substrate contact 
trenches 554 by means of contacts 555 and the gate contact 40 
trenches 552 by means of the contacts 551. 

FIGS. 5B and 5C illustrate cross-sectional views of the 
embodiment shown in FIG. 5A. The cross-sectional view of 
FIG.SB is taken between III and III' and between IV and IV' 
as shown in FIG. 5A. The cross-sectional view of FIG.5C is 45 
taken between V and V and between IV and IV as shown in 
FIG. 5A. In FIGS. 5B and 5C the components having the 
same numerals as those illustrated in FIGS. 2 to 4 illustrate 
the same components. 

FIG. 5B shows a cross-section, in which the conductive 50 
material 565 is in contact with the connection substrate por 
tion 13 via the substrate contact trench 554. Further, the 
conductive material 565 is coupled to the gate contact trench 
552. 

FIG. 5C shows a cross-section, in which the conductive 55 
material 532 in the isolation trench 521 is coupled to the 
source contact plate 575. The source contact plate 575 is 
coupled to the source metal 570 present in the cell field 
portion 510. As is illustrated in FIG.5A, the isolation trenches 
521 have a “U”-shape, so that the isolation trench 121 dis- 60 
posed on the right-hand side of the connection Substrate por 
tion 13 and the isolation trench 121 disposed on the left-hand 
side of the connection substrate portion 13 are electrically 
coupled. 

FIG. 6 illustrates a method of manufacturing a semicon- 65 
ductor device at least partially in a semiconductor Substrate. 
The semiconductor Substrate comprises a first and a second 
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main Surface, the first and the second main Surfaces being 
opposed to each other. As is illustrated, the method comprises 
insulating a part of the semiconductor Substrate from other 
Substrate portions to form a connection Substrate portion 
(S101), forming an electrode adjacent to the second main 
Surface so as to be in contact with the connection Substrate 
portion (S102), forming a metal layer over the first main 
surface (S103), and electrically coupling the connection sub 
strate portion to the metal layer (S104), thereby forming an 
ohmic contact between the electrode and the metal layer. 

In the embodiments of FIGS. 3 and 4 an interconnection to 
a transistor has been described. Nevertheless, this intercon 
nection may also be applied to further applications such as 
sensor applications that are contacted by Such an intercon 
nection scheme. Accordingly, the semiconductor device may 
further comprise a sensor that is disposed adjacent to the first 
main Surface 12. In this case, the sensor signal may be fed to 
the second main Surface 11 via elements of the semiconductor 
substrate described above. 
While embodiments of the invention have been described 

above, it is obvious that further embodiments may be imple 
mented. For example, further embodiments may comprise 
any Subcombination of features recited in the claims or any 
Subcombination of elements described in the examples given 
above. Accordingly, this spirit and scope of the appended 
claims should not be limited to the description of the embodi 
ments contained herein. 

What is claimed is: 
1. A semiconductor device, being at least partially formed 

in a semiconductor substrate, the semiconductor substrate 
comprising a first and a second main Surface, the first and the 
second main Surfaces being opposed to each other, the semi 
conductor device comprising a cell field portion and a contact 
area, the contact area being electrically coupled to the cell 
field portion, the cell field portion comprising at least a tran 
sistor, the contact area comprising: 

a connection Substrate portion insulated from other Sub 
strate portions and comprising a part of the semiconduc 
tor Substrate, the connection Substrate portion not being 
electrically coupled to a component of the cell field 
portion by means of the semiconductor Substrate; 

an electrode adjacent to the second main Surface and in 
contact with the connection Substrate portion; and 

a metal layer disposed over the first main Surface, the 
connection Substrate portion being electrically coupled 
to the metal layer to form a contact between the electrode 
and the metal layer. 

2. The semiconductor device according to claim 1, further 
comprising an insulating layer disposed between the first 
main Surface and the metal layer, and a conductive element, 
the connection Substrate portion being electrically coupled to 
the metal layer via the conductive element. 

3. The semiconductor device according to claim 2, wherein 
the conductive element comprises a trench formed in the first 
main Surface, the trench being filled with a conductive mate 
rial. 

4. The semiconductor device according to claim 3, further 
comprising a doped substrate portion adjacent to the second 
main surface, wherein the trench extends to the doped sub 
strate portion. 

5. The semiconductor device according to claim 1, further 
comprising isolation trenches extending from the first main 
Surface to the second main Surface, wherein the connection 
substrate portion is insulated from other substrate portions by 
the isolation trenches. 
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6. The semiconductor device according to claim 5, wherein 
the isolation trenches are filled with a conductive material 
insulated from the semiconductor substrate. 

7. The semiconductor device according to claim 5, wherein 
the transistor of the cell field portion comprises a source 
region, a drain region and a gate electrode, and wherein the 
conductive material inside the isolation trenches is electri 
cally coupled to the gate electrode. 

8. The semiconductor device according to claim 5, wherein 
the transistor in the cell field portion comprises a source 
region, a drain region and a gate electrode, and wherein the 
conductive material of the isolation trenches is electrically 
coupled to the source region. 

9. The semiconductor device according to claim 1, wherein 
the transistor of the cell field portion comprises a source 
region, a drain region and a gate electrode. 

10. The semiconductor device according to claim 9. 
wherein the source region is adjacent to the first main surface 
and the drain region is adjacent to the second main surface, 
the semiconductor device further comprising a source elec 
trode formed by a metal layer disposed over the first main 
surface, the source electrode being electrically coupled to the 
Source region. 

11. The semiconductor device according to claim 9, 
wherein the gate electrode is disposed in a trench formed in 
the first main surface of the semiconductor substrate, the gate 
electrode being electrically coupled to the metal layer over 
the first main surface. 

12. The semiconductor device according to claim 11, fur 
ther comprising a drain electrode formed by a metal layer 
disposed over the second main surface, the drain electrode 
being electrically coupled to the drain region. 

13. The semiconductor device according to claim 11, 
wherein the gate electrode is electrically coupled to the metal 
layer over the first surface via a gate contact trench. 

14. A semiconductor device, being at least partially formed 
in a semiconductor substrate, the semiconductor substrate 
comprising a first and a second main surface, the first and the 
Second main surfaces being opposed to each other, the semi 
conductor device comprising a cell field portion and a contact 
area, the contact area being electrically coupled to the cell 
field portion, the cell field portion comprising at least a tran 
sistor, the contact area comprising: 
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a connection substrate portion insulated from other sub 

strate portions and comprising a part of the semiconduc 
tor substrate; 

an electrode adjacent to the second main surface and in 
contact with the connection substrate portion; 

a metal layer disposed over the first main surface, the 
connection substrate portion being electrically coupled 
to the metal layer to form a contact between the electrode 
and the metal layer; 

an insulating layer disposed between the first main surface 
and the metal layer; and 

a trench formed in the first main surface, the trench being 
filled with a conductive material, the connection sub 
strate portion being electrically coupled to the metal 
layer via the trench. 

15. The semiconductor device according to claim 14, fur 
ther comprising a doped substrate portion adjacent to the 
Second main surface, wherein the trench extends to the doped 
Substrate portion. 

16. A semiconductor device, being at least partially formed 
in a semiconductor substrate, the semiconductor substrate 
comprising a first and a second main surface, the first and the 
second main surfaces being opposed to each other, the semi 
conductor device comprising a cell field portion and a contact 
area, the contact area being electrically coupled to the cell 
field portion, the cell field portion comprising at least a tran 
sistor, the contact area comprising: 

a connection substrate portion insulated from other sub 
strate portions and comprising a part of the semiconduc 
tor Substrate, the connection substrate portion not being 
electrically coupled to a component of the cell field 
portion by means of the semiconductor substrate; 

isolation trenches extending from the first main surface to 
the second main surface, wherein the connection sub 
strate portion is insulated from other substrate portions 
by the isolation trenches; 

an electrode adjacent to the second main surface and in 
contact with the connection substrate portion; and 

a metal layer disposed over the first main surface, the 
connection substrate portion being electrically coupled 
to the metal layer to form a contact between the electrode 
and the metal layer. 
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